This book studies Hopf algebras over valuation rings of local fields and their application to the theory of wildly ramified extensions of local fields. The results, not previously published in book form, show that Hopf algebras play a natural role in local Galois module theory.
When information is transmitted, errors are likely to occur. This problem has become increasingly important as tremendous amounts of information are transferred electronically every day. Coding theory examines efficient ways of packaging data so that these errors can be detected, or even corrected.
The traditional tools of coding theory have come from combinatorics and group theory. Since the work of Goppa in the late 1970s, however, coding theorists have added techniques from algebraic geometry to their toolboxes. In particular, by re-interpreting the Reed-Solomon codes as coming from evaluating functions associated to divisors on the projective line, one can see how to define new codes based on other divisors or on other algebraic curves. For instance, using modular curves over finite fields, Tsfasman, Vladut, and Zink showed that one can define a sequence of codes with asymptotically better parameters than any previously known codes.
This monograph is based on a series of lectures the author gave as part of the IAS/PCMI program on arithmetic algebraic geometry. Here, the reader is introduced to the exciting field of algebraic geometric coding theory. Presenting the material in the same conversational tone of the lectures, the author covers linear codes, including cyclic codes, and both bounds and asymptotic bounds on the parameters of codes. Algebraic geometry is introduced, with particular attention given to projective curves, rational functions and divisors. The construction of algebraic geometric codes is given, and the Tsfasman-Vladut-Zink result mentioned above is discussed.
No previous experience in coding theory or algebraic geometry is required. Some familiarity with abstract algebra, in particular finite fields, is assumed. However, this material is reviewed in two appendices. There is also an appendix containing projects that explore other codes not covered in the main text.
In the Tradition of Ahlfors and Bers

Proceedings of the First Ahlfors-Bers Colloquium Irwin Kra and Bernard Maskit, State University of New York at Stony Brook, Editors
The papers in this collection were presented at the First Ahlfors-Bers Colloquium-a conference held in the tradition of Lars Ahlfors and Lipman Bers. These conferences have been perpetuated to honor and carry on their work in the field of complex analysis, which so influenced their students, colleagues, and a new generation of mathematicians.
The papers cover complex analysis, Riemann surfaces, Teichmüller theory and hyperbolic manifolds: most of the works include original contributions to the field, and others survey various aspects of the field, including papers by Lennart Carleson, Clifford Earle, and Dennis Hejhal on the contributions of Lars Ahlfors. The asymptotic theory of holomorphic linear differential equations of one variable is well understood and has recently been renewed by the theory of multisummation. However, the asymptotic theory of holonomic differential systems of many complex variables is still not completely developed. This volume tries to fill the gap by introducing the fundamental notions and by showing some consequences of such a theory.
Contents
The notion of a good formal structure for a meromorphic vector bundle with a flat connection on a complex analytic surface is introduced. The existence of such a good formal structure on the pull-back by a suitable sequence of complex blowing-up of a meromorphic connection is conjectured. Some consequences of this conjecture are given: semi-continuity of the MalgrangeKomatsu irregularity index for an integrable family of meromorphic connections on a complex curve, and the construction and some properties of the Stokes fibration. The proof of the conjecture is given, among others, for bundles of rank ≤ 5. This volume contains the proceedings of the third meeting on "Symmetries and Integrability of Difference Equations" (SIDE III). The collection includes original results not published elsewhere and articles that give a rigorous but concise overview of their subject, and provides a complete description of the state of the art. Research in the field of difference equations-often referred to more generally as discrete systems-has undergone impressive development in recent years. In this collection the reader finds the most important new developments in a number of areas, including: Lie-type symmetries of differential-difference and differencedifference equations, integrability of fully discrete systems such as cellular automata, the connection between integrability and discrete geometry, the isomonodromy approach to discrete spectral problems and related discrete Painlevé equations, difference and q-difference equations and orthogonal polynomials, difference equations and quantum groups, and integrability and chaos in discrete-time dynamical systems.
The proceedings will be valuable to mathematicians and theoretical physicists interested in the mathematical aspects and/or in the physical applications of discrete nonlinear dynamics, with special emphasis on the systems that can be integrated by analytic methods or at least admit special explicit solutions. The research in this volume will also be of interest to engineers working in discrete dynamics as well as to theoretical biologists and economists. 
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This item will also be of interest to those working in mathematical physics. This book develops three related tools that are useful in the analysis of partial differential equations (PDEs), arising from the classical study of singular integral operators: pseudodifferential operators, paradifferential operators, and layer potentials.
Contents
A theme running throughout the work is the treatment of PDE in the presence of relatively little regularity. The first chapter studies classes of pseudodifferential operators whose symbols have a limited degree of regularity; the second chapter shows how paradifferential operators yield sharp estimates on the action of various nonlinear operators on function spaces. The third chapter applies this material to an assortment of results in PDE, including regularity results for elliptic PDE with rough coefficients, planar fluid flows on rough domains, estimates on Riemannian manifolds given weak bounds on Ricci tensor, divcurl estimates, and results on propagation of singularities for wave equations with rough coefficients. The last chapter studies the method of layer potentials on Lipschitz domains, concentrating on applications to boundary problems for elliptic PDE with variable coefficients.
Michael Taylor is the author of several well-known books on topics in PDEs and pseudodifferential operators. His "Noncommutative Harmonic Analysis", Volume 22 in the Mathematical Surveys and Monographs series published by the AMS, is a good introduction to the use of Lie groups in linear analysis and PDEs. Thirty-eight experts from ten countries have critically annotated a selection of the literature within their respective specialties in the history of mathematics. The result is a comprehensive guide designed as a starting point for anyone wishing to learn more about any area of the history of mathematics. The 4,800 entries are arranged by subject, and each includes full bibliographical information. Annotations and introductory notes provide evaluation and context to help a user decide where to go next.
As mathematics has had a long and rich history, the study of that history is broad ranging. This guide covers the history framed in all time periods and regions of the world beginning with the ancient Egyptian, Greek, Chinese, Islamic, Indian, African, and Mesopotamian civilizations. It focuses on the branches of mathematics but necessarily gives substantial attention to the relationship mathematics has had with navigation, mapmaking, logic, philosophy, computing, and all the branches of physics. It also devotes special sections to such topics as institutions, societies, women in mathematics, and how mathematics has been taught.
The success of the first edition in print showed the value of such a guide. It covered the literature up to 1982 and was published in 1985. This revised and updated edition, still very selective, has twice as many entries as the first, reflecting the enormous growth in the literature since that time. And the CD-ROM format makes navigating and searching the bibliography easier and faster.
The CD-ROM's content is in PDF format with bookmarks, enabling browsers to link from the table of contents directly to sections of interest. Links from the author and subject index items to individual entries enable users to go directly to specific items of interest. Adobe™Acrobat®Reader 4.0 with Search, provided for Macintosh®, Windows®, and UNIX®, makes it possible for users to search text throughout the CD using PDF: the search term is highlighted, and you can move from hit to hit across files. This edition is unique in that it also offers a listing of World Wide Web resources, and live links within the text to selected Web sites. Carefully conducted mathematics education research is something far more fundamental and widely useful than might be implied by its use by advocates of innovation in undergraduate mathematics education. Most simply, mathematics education research is inquiry by carefully developed research methods aimed at providing evidence about the nature and relationships of many mathematics learning and teaching phenomena. It seeks to clarify the phenomena, illuminate them, explain how they are related to other phenomena, and explain how this may be related to undergraduate mathematics course organization and teaching.
This book-the collaborative effort of a research mathematician, mathematics education researchers who work in a research mathematics department and a professional librarian-introduces research mathematicians to education research. The work presents a non-jargon introduction for educational research, surveys the more commonly used research methods, along with their rationales and assumptions, and provides background and careful discussions to help research mathematicians read or listen to education research more critically.
This guide is of practical interest to university-based research mathematicians. It introduces the methodology of quantitative and qualitative research in education, provides critical guidelines for assessing the reliability and validity of mathematics education research, and explains how to use online database This diary takes us through the process of discovery as reported by those who worked on the great puzzle: Gerhard Frey who conjectured that Shimura-Taniyama implies Fermat; Ken Ribet who followed a difficult and speculative plan of attack suggested by Jean-Pierre Serre and established the statement by Frey; and Andrew Wiles who announced a proof of enough of the Shimura-Taniyama conjecture to settle Fermat's Last Theorem, only to announce months later that there was a gap in the proof. Finally, we are brought to the historic event on September 19, 1994, when Wiles, with the collaboration of Richard Taylor, dramatically closed the gap. The book follows the much-in-demand Wiles through his travels and lectures, finishing with the Conference on Fermat's Last Theorem at Boston University.
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There are many important names in the recent history of Fermat's Last Theorem. This book puts faces and personalities to those names. Mozzochi also uncovers the details of certain key pieces of the story. For instance, we learn in Frey's own words the story of his conjecture, about his informal discussion and later lecture at Oberwolfach and his letter containing the actual statement. We learn from Faltings about his crucial role in the weeks before Wiles made his final announcement. Shimura explains his position concerning the evolution of the Shimura-Taniyama conjecture. Mozzochi also conveys the atmosphere of the mathematical community-and the Princeton Mathematics Department in particular-during this important period in mathematics.
This eyewitness account and wonderful collection of photographs capture the marvel and unfolding drama of this great mathematical and human story. In this book, the author studies asymptotically symmetric Einstein metrics: asymptotically symmetric means that the curvature at infinity is asymptotic to the curvature of a rank one symmetric space of noncompact type (that is, a hyperbolic space). Two constructions of such metrics are given. The first one relies on analysis to prove that the Einstein deformations of complex, quaternionic or octonionic symmetric spaces are in 1-1 correspondence with certain Carnot-Carathéodory metrics on the boundary at infinity. In the quaternionic or octonionic cases, the author obtains new objects at infinity which he calls quaternionic (or octonionic) contact structures. The second construction is twistorial: given a real analytic quaternionic contact structure, the author proves that it is the boundary at infinity of a unique quaternionic-Kähler (and therefore Einstein), asymptotically symmetric metric, defined in a neighborhood of infinity. The geometry of quaternionic contact structures is studied, while octonionic contact structures remain very mysterious objects. The text is in French. It is rarely taught in undergraduate or even graduate curricula that the only conformal maps in Euclidean space of dimension greater than two are those generated by similarities and inversions in spheres. This is in stark contrast to the wealth of conformal maps in the plane. This fact is taught in most complex analysis courses.
Contents
The principal aim of this text is to give a treatment of this paucity of conformal maps in higher dimensions. The exposition includes both an analytic proof, due to Nevanlinna, in general dimension and a differential geometric proof in dimension three. For completeness, enough complex analysis is developed to prove the abundance of conformal maps in the plane. In addition, the book develops inversion theory as a subject, along with the auxiliary theme of circle-preserving maps. A particular feature is the inclusion of a paper by Carathéodory with the remarkable result that any circlepreserving transformation is necessarily a Möbius transformation, not even the continuity of the transformation is assumed.
The text is at the advanced undergraduate level and is suitable for a capstone course, topics course, senior seminar or as an independent study text. Students and readers with university courses in differential geometry or complex analysis bring with them background to build on, but such courses are not essential prerequisites. In this text, Friedrich examines the Dirac operator on Riemannian manifolds, especially its connection with the underlying geometry and topology of the manifold. The presentation includes a review of Clifford algebras, spin groups and the spin representation, as well as a review of spin structures and spin C structures. With this foundation established, the Dirac operator is defined and studied, with special attention to the cases of Hermitian manifolds and symmetric spaces. Then, certain analytic properties are established, including self-adjointness and the Fredholm property.
An important link between the geometry and the analysis is provided by estimates for the eigenvalues of the Dirac operator in terms of the scalar curvature and the sectional curvature. Considerations of Killing spinors and solutions of the twistor equation on M lead to results about whether M is an Einstein manifold or conformally equivalent to one. Finally, in an appendix, Friedrich gives a concise introduction to the Seiberg-Witten invariants, which are a powerful tool for the study of four-manifolds. There is also an appendix reviewing principal bundles and connections.
This detailed book with elegant proofs is suitable as a text for courses in advanced differential geometry and global analysis, and can serve as an introduction for further study in these areas. This edition is translated from the German edition published by Vieweg Verlag. Every diffeomorphism F of the two-dimensional torus T 2 can be written as a composition of positive and negative twist maps. If one considers such a decomposition and a given lift f of F to the plane, one can construct naturally a vector field on a manifold diffeomorphic to T 2 × R 2n−2 , where 2n is the number of maps which appear in the decomposition and becomes big when f is far from the identity. There is a one-toone correspondence between the set of singularities of this vector field and the set of fixed points of F which are lifted to fixed points of f. The study of this vector field was begun in a earlier work, mainly in the case when there is no singularity. In this work the authors present the general case when these singularities may exist, and deduce general properties about fixed points and periodic orbits of diffeomorphisms of the torus homotopic to the identity. This item will also be of interest to those working in analysis. The second paper, Model Completeness and Subanalytic Sets, obtains a structure theory for images of analytic maps based on any subcollection of S = ∪S m,n that satisfies certain closure properties; for example T = ∪T m . The argument exploits the existential definability of the Weierstrass data as well as a difference between affinoid and quasi-affinoid rigid analytic geometry; namely, that a quasi-affinoid variety Max A in general may be covered by finitely many disjoint quasi-affinoid subdomains, just as the valuation ring K • is the union of its maximal ideal K •• and its multiplicative units. A crucial role is played by the theory of generalized rings of fractions developed in the first paper. The third paper, Quasi-Affinoid Varieties, defines the category of S m,n -analytic varieties X = Max A and establishes the acyclicity of quasi-affinoid covers. The proofs employ results from the first paper; in particular, the fact that the assignment U O X (U) is a presheaf of A-algebras for R-subdomains U of X . The quantifier elimination of the second paper is used to relate quasi-affinoid and affinoid covers, a key step in the proof of the Acyclicity Theorem.
The last paper, A Rigid Analytic Approximation Theorem, gives a global Artin Approximation theorem between a "Henselization" H m,n of a ring T m+n of strictly convergent power series and its "completion" S m,n , thus linking the algebraic properties of affinoid and quasi-affinoid algebras. Welcome to diophantine analysis-an area of number theory in which we attempt to discover hidden treasures and truths within the jungle of numbers by exploring rational numbers. Diophantine analysis comprises two different but interconnected domainsdiophantine approximation and diophantine equations. This highly readable book brings to life the fundamental ideas and theorems from diophantine approximation, geometry of numbers, diophantine geometry and p-adic analysis. Through an engaging style, readers are active participants in a journey through these areas of number theory.
New Publications Offered by the AMS
Each mathematical theme is presented in a self-contained manner and is motivated by very basic notions. The reader becomes an active participant in the explorations, as each module includes a sequence of numbered questions to be answered and statements to be verified. Many hints and remarks are provided to be freely used and enjoyed. Each module then closes with a Big Picture Question that invites the reader to step back from all the technical details and take a panoramic view of how the ideas at hand fit into the larger mathematical landscape. This book enlists the reader to build intuition, develop ideas and prove results in a very userfriendly and enjoyable environment.
Little background is required and a familiarity with number theory is not expected. All that is needed for most of the material is an understanding of calculus and basic linear algebra together with the desire and ability to prove theorems. The minimal background requirement combined with the author's fresh approach and engaging style make this book enjoyable and accessible to second-year undergraduates, and even advanced high school students. The author's refreshing new spin on more traditional discovery approaches makes this book appealing to any mathematician and/or fan of number theory.
Contents:
A bit of foreshadowing and some rational rationale; Building the rationals via Farey sequences; Discoveries of Dirichlet and Hurwitz; The theory of continued fractions; Enforcing the law of best approximates; Markoff's spectrum and numbers; Badly approximable numbers and quadratics; Solving the alleged "Pell" equation; Liouville's work on numbers algebraic and not; Roth's stunning result and its consequences; Pythagorean triples through diophantine geometry; A quick tour through elliptic curves; The geometry of numbers; Simultaneous diophantine approximation; Using geometry to sum some squares; Spinning around irrationally and uniformly; A whole new world of p-adic numbers; A glimpse into p-adic analysis; A new twist on Newton's method; The power of acting locally while thinking globally; Selected big picture question commentaries; Hints and remarks; Further reading; Acknowledgments; Index. This book is based on the material presented in four lectures given by J. Coates at the Tata Institute of Fundamental Research. The original notes were modified and expanded in a joint project with R. Sujatha.
Student Mathematical Library
The book discusses some aspects of the Iwasawa theory of elliptic curves over algebraic fields. Let E be an elliptic curve defined over an algebraic number field F. The fundamental idea of the Iwasawa theory is to study deep arithmetic questions about E/F, via the study of coarser questions about the arithmetic of E over various infinite extensions of F. A precise formulation of this theory exists only when the infinite extension is a p-adic Lie extension for some fixed prime number p. It provides the only general method known at present for studying exact arithmetic formulae such as the Birch and Swinnerton-Dyer conjecture for elliptic curves. These notes mainly discuss the simplest non-trivial example of this theory when the infinite extension in question is the cyclotomic Z p -extension of F. Only algebraic (as opposed to analytic) aspects of the theory are considered in the notes. However, a number of numerical examples are presented in detail, illustrating the general theory beautifully. In addition, the notes outline some of the basic results in Galois cohomology which are used repeatedly in the study of the relevant Iwasawa modules. The Appendix addresses some aspects of the cohomology of elliptic curves which turn out to be very useful in Iwasawa theory.
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invariance principles for partial sums of strictly stationary random variables under various mixing conditions. This work (and its exhaustive list of references) is a self-contained and rich source of information and ideas for the researcher working in the field of general limit theorems of probability and statistics. Other papers cover asymptotic behavior of excursions of the two-dimensional walk and Brownian motion, financial mathematics, reinforced random walks, models of random walks in random environments (RWERE), recent results concerning the so-called monotone solidification cellular automaton models, results about the long-time asymptotics of some additive functionals of Brownian motion, critical exponents and fractal geometry of Brownian motion paths, the combinatorial background of one-dimensional random walk in the transient case, Berry-Esseen inequalities, asymptotic distribution of the particles in the d-dimensional Euclidean space, and late-time asymptotic behavior of self-interacting random walks (SIRW) and on the construction of a new type of stochastic process called true self-repelling motion. The familiar wave equation is the most fundamental hyperbolic partial differential equation. Other hyperbolic equations, both linear and nonlinear, exhibit many wave-like phenomena. The primary theme of this book is the mathematical investigation of such wave phenomena.
The exposition begins with derivations of some wave equations, including waves in an elastic body, such as those observed in connection with earthquakes. Certain existence results are proved early on, allowing the later analysis to concentrate on properties of solutions. The existence of solutions is established using methods from functional analysis. Many of the properties are developed using methods of asymptotic solutions. The last chapter contains an analysis of the decay of the local energy of solutions. This analysis shows, in particular, that in a connected exterior domain, disturbances gradually drift into the distance and the effect of a disturbance in a bounded domain becomes small after sufficient time passes.
The book is geared toward a wide audience interested in PDEs. Prerequisite to the text are some real analysis and elementary functional analysis. It would be suitable for use as a text in PDEs or mathematical physics at the advanced undergraduate and graduate level.
This item will also be of interest to those working in mathematical physics. 
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